INTRODUCTION {#sec1-1}
============

Chronic obstructive pulmonary disease (COPD) remains the second and fourth most common cause of mortality in India and the world, respectively.\[[@ref1][@ref2][@ref3][@ref4]\] It has been estimated that the average prevalence of COPD is 6.2% in Asia and almost one-fifth of identified individuals are categorized as having severe COPD.\[[@ref5]\] WHO estimates suggest that 90% of COPD-related deaths occur in low- and middle-income countries.\[[@ref6][@ref7][@ref8]\] India and China constitute 33% of the total human population and account for 66% of the global COPD mortality.\[[@ref9]\] As per the Global Burden of Disease report of India from 1990 to 2016 based on a study by Salvi *et al*.\[[@ref10]\] the contribution of chronic respiratory diseases to the total disability-adjusted life years (DALYs) in India increased from 4·5% (95% UI: 4.0--4.9) in 1990 to 6.4% (5.8--7.0) in 2016.

Of the total global DALYs due to chronic respiratory diseases in 2016, 32.0% occurred in India. COPD and asthma were responsible for 75.6% and 20.0% of the chronic respiratory disease DALYs, respectively, in India in 2016. The number of cases of COPD in India increased from 28·1 million (27.0--29.2) in 1990 to 55.3 million (53.1--57.6) in 2016, an increase in prevalence from 3.3% (3.1--3.4) to 4.2% (4.0--4.4). The highest DALY rates for both COPD and asthma in 2016 were in the low ETL states of Rajasthan and Uttar Pradesh. The DALYs per case of COPD and asthma were 1·7 and 2·4 times higher in India than the global average in 2016, respectively; most states had higher rates compared with other locations worldwide at similar levels of sociodemographic index. Of the DALYs due to COPD in India in 2016, 53.7% (43.1--65.0) were attributable to air pollution, 25.4% (19.5--31.7) to tobacco use, and 16.5% (14.1--19.2) to occupational risks, making these the leading risk factors for COPD.\[[@ref10]\]

Vitamin D deficiency, on the other hand, is turning out to be pandemic affecting 50% of the population worldwide\[[@ref11]\] with significant extraskeletal effects.\[[@ref11][@ref12]\] The "adequacy of exposure to sunlight of an individual\'s bare skin" required to photosynthesize vitamin D is grossly ill understood. Darker skin has high melanin content which acts as a natural sunscreen. In fact, darker skin produces a significantly lesser amount of vitamin D when compared with the individuals with fairer skin, such as Caucasians.\[[@ref13][@ref14][@ref15]\] Indian social and or religious norms related to public modesty dictate that most parts of an individual\'s body, irrespective of gender, should be covered. Vitamin D deficiency is pandemic, yet it is the most underdiagnosed and undertreated nutritional deficiency in the world.\[[@ref16]\] Vitamin D deficiency prevails in epidemic proportions all over the Indian subcontinent, with a prevalence of 70%--100% in the general population.\[[@ref17]\]

The connection between vitamin D status and COPD has attracted attention in the recent years. There are several factors that could account for vitamin D deficiency in COPD patients: poor diet, a reduced capacity of aging skin for vitamin D synthesis, reduced outdoor activity and therefore sun exposure, an increased catabolism by glucocorticoids, impaired activation because of renal dysfunction, and a lower storage capacity in muscles or fat due to wasting. In general, many steps of the vitamin D pathway (intake, synthesis, storage, and metabolism) can potentially be disturbed in COPD patients. Two small studies of adults and children with asthma have found positive associations between serum 25(OH) D concentrations and forced expiratory volume in 1 s (FEV1).\[[@ref18]\] This was confirmed recently in a larger study of adult asthma from China.\[[@ref19]\] In fact, a recent study observed a positive association between 25(OH) D and FEV1 in patients with chronic obstructive pulmonary disease (COPD).\[[@ref20]\] In the Third National Health and Nutrition Examination Survey (NHANES III), strong positive relationship between serum 25(OH) D and FEV1 and forced vital capacity (FVC) was reported.\[[@ref21][@ref22][@ref23]\]

It was seen that vitamin D supplementation was associated with reduced moderate-to-severe COPD exacerbation by 45% with low baseline vitamin D level.\[[@ref24]\] Currently, some studies raised the issue of vitamin D supplementation in household COPD patients and during winter time among all in order to maintain the adequate level of vitamin D to enhance the quality of life in these patients.\[[@ref25]\]

GOLD document 2019 was unable to conclude about routine supplementation with vitamin D in COPD patients but states further that COPD patients with vitamin D deficiency should be substituted with vitamin D.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a case--control cross-sectional study design including 50 COPD patients (cases) either diagnosed previously or on spot diagnosis or on spot COPD diagnosis based on history, examination, risk factors, and spirometry criteria FEV1/FVC \<0.7% as per GOLD 2016 guidelines and 30 healthy volunteers (controls) aged \>40 years old with no history of obstructive airway diseases (asthma and COPD) and bronchodilator and/or inhaled corticosteroid use who were recruited after approval from the ethical committee of the IMS-BHU and their serum vitamin D level was measured. Inclusion criteria were as follows: participants must have all of these: \>40 years old, an Indian, postbronchodilator FEV1/FVC \<70%, and postbronchodilator reversibility \<200 ml and \<12%. Participants were excluded if any one of these was present: domiciliary oxygen therapy, hemodynamically unstable patients, liver diseases, renal diseases, long-term steroid use, alcoholics, pregnancy, and active smoker (ex-smokers were included). Participants were recruited to minimize confounders such as age, sex, race, BMI, and smoking status which may influence vitamin D and lung functions as seen from [Table 1](#T1){ref-type="table"}.

###### 

Baseline characteristics of the cases and controls

  Variables                             Group I (cases)   Group II (controls)   *P*
  ------------------------------------- ----------------- --------------------- ---------
  Age                                   60.78±11.25       59.76±11.67           0.702
  Sex (*n*)                                                                     
   Male                                 64% (32)          63.3% (19)            0.952
   Female                               36% (18)          36.7% (11)            0.952
  BMI (*n*)                                                                     
   \<18.5                               18% (9)           6.7% (2)              0.468
   18.5-24.9                            44% (22)          43.3% (13)            
   25-29.9                              30% (15)          36.7% (11)            
   \>30                                 8% (4)            13.3% (4)             
  BMI                                   23.37±4.67        25.18±3.90            0.079
  Anemia                                40% (20)          30% (9)               0.368
   Male \<14gm/dl                                                               
   Female \< 11 gm/dl                                                           
  WBC: \>10000 cells/cubic millimeter   62% (31)          30% (9)               0.006
  Neutrophils (*n*)                                                             
   \<50%                                0%                3.3% (1)              \<0.001
   50%-70%                              18% (9)           56.7% (17)            
   \>70%                                82% (41)          40% (12)              
  Serum Calcium: unit: mg/dl                                                    
   \<8.5                                30% (15)          20% (6)               0.492
   8.5-10.5                             64% (32)          76.7% (23)            
   \>10.5                               6% (3)            3.3% (1)              
  Smokers (cigarette + biomass) (*n*)   36 (25+11)        14 (10+4)             0.076
  Vitamin D (nmol/l)                    33.76±18.33       46.26±14.88           0.283
  FVC (l)                               2.58±0.84         2.79±0.80             0.279
  FEV~1~                                1.71±0.74         1.97±0.71             0.128
  FEV~1~%                               47.88±14.22       58.76±15.05           0.002
  FEV~1~/FVC                            64.34±11.54       69.83±11.71           0.044

FVC: Forced vital capacity, FEV~1~: Forced expiratory volume in 1 s, BMI: Body mass index, WBC: White blood cells

Vitamin D was measured from random serum sample of participants using chemiluminescent immunoassay in the laboratory. Vitamin D was categorized as \<70 nmol/l or \>70 nmol/l for categorizing deficient versus adequate so to become alert and watchful and increasing the sensitivity of test in addition to most laboratory considering 70 nmol/l as the cutoff value. A conversion factor of 2.5 is used to convert nmol/l to ng/ml, i.e., divide nmol/l by 2.5 to get ng/ml. However, vitamin D was grouped into I, II, and III for the purpose of seeing the impact on lung function at ≤20 nmol/l: deficient (Group I, *n* = 19), 21--50 nmol/l: inadequate (Group II, *n* = 40), and ≥51 nmol/l as sufficient (Group III, *n* = 21) to specifically identify the level of vitamin D at which lung function is affected most based on several studies considering values lower than 50 nmol/l associated with effect on Lung function.

Spirometer -- Spiroexcel model, Brand Medicaid\'s make -- was used to measure lung function. The procedure was explained and demonstrated before performing the test by a trained pulmonary technician. A standard ATS/ERS Task Force (2005) Standardization of Lung Function Testing was followed for performing spirometry. Baseline spirometry was done after making sure that the patient did not take any SABA/SAMA up to minimum of 4 h prior and LABA \>15 h prior to performing the procedure followed by inhalation of 400 mcg of SABA via pMDI without using spacer and 15 min after a repeat spirometry was done to document the FEV1/FVC \<0.7. The best of three efforts was taken into consideration. The flow chart of the study can be seen from [Figure 1](#F1){ref-type="fig"}.

![Schematic flow chart of the study](LI-36-492-g001){#F1}

Sample size was calculated based on a pilot study of 15 subjects conducted prior to enrollment of participants to proper study by taking the mean of FEV1% predicted 50 among cases and the mean of FEV1% predicted 60 among controls with standard deviation of 14 in each group with level of confidence 5% at two-tailed test with 90% power and 1.5:1 ratio in cases and controls. Based on above variables, the sample size comes out to be 47 (cases) and 31 (controls). Data were analyzed using SPSS 20, (produced by SPSS Inc. Chicago, USA, acquired by IBM, New York, USA in 2009) in an age, sex, BMI, race, and smoking status matched.

RESULTS {#sec1-3}
=======

The researcher found that as vitamin D level decreased, lung function in terms of FEV1 also decreased with significant *P* value as evident from [Figure 2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"}:

![(a) Comparison of effect of vitamin D ≤20 nmol/l on lung function among groups. (b) Comparison of effect of vitamin D 21--50 (nmol/l) on lung function in groups. (c) Comparison of effect of vitamin D ≥51 (nmol/l) on lung function in groups. Group 1 = Vitamin D \<21 nmol/l, Group 2 = Vitamin D \>21--50 nmol/l, Group 3 = Vitamin D \>50 nmol/l](LI-36-492-g002){#F2}

It was seen that if vitamin D was ≤20 nmol/l, the mean FEV1 (in liters) among cases and controls was only 0.98 ± 0.40 and 1.93 ± 0.24, respectively, with *P* = 0.006 \[[Figure 2a](#F2){ref-type="fig"}\]It was seen that if vitamin D was 21--50 nmol/l, the mean FEV1 (in liters) among cases and controls was only 1.55 ± 0.54 and 2.20 ± 0.31, respectively, with *P* = 0.000 \[[Figure 2b](#F2){ref-type="fig"}\]It was seen that if vitamin D was ≥51 nmol/l, the mean FEV1 (in liters) among cases and controls was only 2.06 ± 0.54 and 2.80 ± 0.31, respectively, with *P* = 0.002 \[[Figure 2c](#F2){ref-type="fig"}\].

[Figure 2a](#F2){ref-type="fig"}--[c](#F2){ref-type="fig"} shows the comparison of effect of various levels of vitamin D on lung function among COPD patients and controls.

[Table 2](#T2){ref-type="table"} shows the comparative effect of various levels of vitamin D on lung function in terms of FEV1, FVC, FEV1/FVC as well as the *post hoc* analysis between groups. Groups were categorized based on their vitamin D level as Group 1 = Vitamin D \<21, Group 2 = Vitamin D \>21--50, and Group 3 = Vitamin D \>50. The *post hoc* test showed a statistically significant difference in FVC and FEV~1~ between Groups I versus II, I versus III, and II versus III when each group compared to other group head to head without segregating cases from controls, i.e., it showed the linear effect of vitamin D on lung function; with decreased vitamin D level, FVC and FEV~1~ were also low and vice versa.

###### 

Comparison of effect of vitamin D on forced expiratory volume in 1 s, forced vital capacity, and forced expiratory volume in 1 s/forced vital capacity

  Group                  FVC             FEV~1~          FEV~1~/FVC
  ---------------------- --------------- --------------- -------------
  Group 1 (*n*=19)       1.82±0.68       1.08±0.49       58.42±9.87
  Group 2 (*n*=40)       2.64±0.62       1.81±0.56       67.52±10.61
  Group 3 (*n*=21)       3.45±0.48       2.48±0.58       71.47±12.49
  *F, P*                 35.929, 0.000   32.124, 0.000   7.47, 0.001
  *Post hoc* test, *P*                                   
   I versus II           0.000           0.000           0.004
   I versus III          0.000           0.000           0.000
   II versus III         0.000           0.000           0.186

FVC: Forced vital capacity, FEV~1~: Forced expiratory volume in 1 s

[Figure 3a](#F3){ref-type="fig"} and [b](#F3){ref-type="fig"} shows the effect of vitamin D on FEV1 and FVC among COPD patients and controls. It is clear from these figures that decrease in FEV1 and FVC was more among COPD patients compared to controls.

![(a) Effect of vitamin D on forced expiratory volume in 1 s among chronic obstructive pulmonary disease patients. (b) Effect of vitamin D on forced expiratory volume in 1 s among healthy volunteers](LI-36-492-g003){#F3}

[Figure 4a](#F4){ref-type="fig"} and [b](#F4){ref-type="fig"} shows a significant correlation between vitamin D and postbronchodilator FEV1% predicted among COPD patients and controls as the decline in FEV1% was more among COPD patients (47.88 ± 14.22) compared to controls (58.76 ± 15.05) with significant *P* = 0.002.

![(a) Correlation of vitamin D with FEV1% among cases. (b) Correlation of vitamin D with FEV1% among controls](LI-36-492-g004){#F4}

As evidenced from Tables [3](#T3){ref-type="table"}--[5](#T5){ref-type="table"} the various measure of lung functions included in this study like FEV1, FVC and FEV1/FVC ratios were lower at various vitamin D level as per study categorization among cases compared to controls.

###### 

Comparison of effect of vitamin D ≤20 nmol/l on lung function among groups

  Indicators (lung function)   Group 1 (*n*=17) Cases   Group 2 (*n*=2) Control   Remarks (*t, P*)
  ---------------------------- ------------------------ ------------------------- ------------------
  FVC                          1.74±0.68                2.45±0.39                 −1.405, 0.178
  FEV~1~                       0.98±0.40                1.93±0.24                 −3.168, 0.006
  FEV~1~/FVC                   56.00±7.07               79.00±2.82                −4.457, 0.000

FVC: Forced vital capacity, FEV~1~: Forced expiratory volume in 1 s

###### 

Comparison of effect of vitamin D 21-50 (nmol/l) on lung function in groups

  Indicators (lung function)   Group 1 (*n*=24) Cases   Group 2 (*n*=16) Controls   Remarks (*t, P*)
  ---------------------------- ------------------------ --------------------------- ------------------
  FVC                          2.52±0.73                2.81±0.37                   −1.440, 0.158
  FEV~1~                       1.55±0.54                2.20±0.31                   −4.282, 0.000
  FEV~1~/FVC                   60.41±6.47               78.18±5.17                  −9.183, 0.000

FVC: Forced vital capacity, FEV~1~: Forced expiratory volume in 1 s

###### 

Comparison of effect of vitamin D ≥51 (nmol/l) on lung function in groups

  Indicators (lung function)   Group 1 (*n*=9)   Group 2 (*n*=12)   Remarks (*t, P*)
  ---------------------------- ----------------- ------------------ ------------------
  FVC                          3.39±0.60         3.49±0.39          −0.472, 0.642
  FEV~1~                       2.06±0.54         2.80±0.39          −3.638, 0.002
  FEV~1~/FVC                   59.88±9.14        80.16±5.54         −6.318, 0.000

FVC: Forced vital capacity, FEV~1~: Forced expiratory volume in 1 s

Moreover, as seen from the [Table 6](#T6){ref-type="table"}; at Vit D cut off level of 70 nmol/l, more than \>96% of COPD Cohort & 90% of control group were having vitamin D deficiency.

###### 

Frequency of vitamin D deficiency

  Vitamin D (nmol/l)   Group 1 (COPD cohort), *n* (%)   Group 2 (HV), *n* (%)   Total, *n* (%)
  -------------------- -------------------------------- ----------------------- ----------------
  \<70                 48 (96.0)                        27 (90.0)               75 (93.8)
  ≥70                  2 (4.0)                          3 (10.0)                5 (6.2)
  Total                50 (100.0)                       30 (100.0)              80 (100.0)

COPD: Chronic obstructive pulmonary disease, HV: Healthy volunteer

DISCUSSION {#sec1-4}
==========

Lot of interest had been given to the impact of vitamin D on extraskeletal system such as respiratory and cardiovascular in the past decade globally. Majority of the studies including randomized clinical trial and meta-analysis were able to show the significant impact of vitamin D in the prevention of exacerbation in COPD by decreasing infection, severity of COPD, improving quality of life, and FEV1.\[[@ref24]\] To the contrary, few studies refuted such finding but agreed to the fact that replacement of vitamin D in a vitamin D-deficient COPD individual will definitely decrease exacerbation and improve FEV1.\[[@ref24][@ref26]\]

However, when analyzing data based on vitamin D categorization, statistically significant effect of vitamin D on lung function, i.e., FVC and FEV1 has been observed. The mean predicted postbronchodilator FEV1% among COPD group was 47.88 ± 14.22 versus 58.76 ± 15.05 among healthy volunteers, again showing a decrease in FEV1% among COPD patients. Furthermore, the researcher observed that the lower the vitamin D level, the lower was the predicted postbronchodilator FEV1% and vice versa. In this current hospital-based case--control cross-sectional study among Indian population, we demonstrated a positive linear relation between serum concentration of vitamin D and lung function (FVC and FEV1) after controlling for some confounder factors (age-, sex-, body mass index-, and smoking-matched participants) as evident in [Table 1](#T1){ref-type="table"} and methodology and found strong evidence to suggest that individuals with lower serum concentrations of vitamin D were more likely to have expiratory airflow limitation. Our finding was similar to the finding by Black and Scragg who examined data from the NHANES III data set\[[@ref24]\] (cross-sectional survey of 14091 adults in the US): After adjustment for potential confounders, a strong relationship between serum levels of vitamin D and lung function (FEV1 and FVC) was found. Zhu *et al*. concluded that serum deficiency of 25(OH) D (20 ng/mL) was significantly associated with COPD severity based on the meta-analyses between mild and moderate/severe COPD as well as moderate and severe COPD.\[[@ref26]\] They further showed vitamin D supplementation prevented from worsening of COPD. However, Shaheen *et al*. did not confirm a positive association between blood 25(OH) D concentrations and adult lung function.\[[@ref25]\]

The researcher also found that more than 90% of the participants were having Vitamin D deficiency which is similar to the studies conducted by Ritu *et al*.\[[@ref17]\] who claimed vitamin D deficiency prevalence to be 70%--100% of the general Indian population. In addition, a report published in Times of India report by Janani Sampath, TNN, Updated: October 18, 2015, Chennai-based Metropolis Healthcare studied 1,496,683 samples over three years who underwent vitamin tests, and it was found that 81.28% of all samples tested were deficient in vitamin D. The current GOLD document 2019 says that vitamin D should not be supplemented routinely, but if a deficiency exists, it should be supplemented. Similarly, various studies recommend vitamin D supplementation, especially if vitamin D ≤20 nmol/l to prevent exacerbations as discussed in the introduction. In addition, we found that, the lower the vitamin D level the lower the FEV1. Hence, we believe measuring serum vitamin D level among COPD patients will have multiple benefits. Firstly, provides a scientific basis for supplementation and secondly prevent exacerbation of COPD and its ill-impact overall on expense, morbidity and mortality.

There are several factors that could account for vitamin D deficiency in COPD patients\[[@ref12]\]: poor diet, a reduced capacity of aging skin for vitamin D synthesis, reduced outdoor activity and therefore sun exposure, an increased catabolism by glucocorticoids, impaired activation because of renal dysfunction, and a lower storage capacity in muscles or fat due to wasting. In general, many steps of the vitamin D pathway (intake, synthesis, storage, and metabolism) can potentially be disturbed in COPD patients.

The exact mechanism regarding the effect of vitamin D on lung function is unclear. However, several proposed biological mechanisms may explain the contribution of vitamin D deficiency to COPD in addition to calcemic effect of vitamin D on the skeletal system and impairing the lung function.

First, vitamin D acts as a potent inhibitor in either innate or adaptive immune response through the activation of vitamin D receptor (VDR). VDR is expressed in various types of inflammatory and structural cells. vitamin D deficiency fails to restrain the maturation of dendritic cell and macrophage by regulating the major histocompatibility complex class II molecules (77), decrease the production of pro-inflammatory cytokines and chemokines (78), promote monocyte and neutrophil recruitment depending on nuclear factor-κB-mediated pathway, and shift Th1 T-cell toward Th2 and regulatory T-cell. The dysregulated immune-inflammatory response leads to the development of chronic inflammation and lung structural destruction, which in turn, promotes the onset and progress of COPD. Second, vitamin D can upregulate the expression of antimicrobial peptides in response to infections.\[[@ref27]\] vitamin D deficiency increases the susceptibility to respiratory infections, which in turn, contributes to airway colonization and chronic inflammation. Third, vitamin D deficiency has an effect on airway smooth muscle by regulating the expression of genes related to cell proliferation, glucocorticoid response, and smooth muscle contraction.\[[@ref28]\] In addition, vitamin D deficiency contributes to the remodeling of airway smooth muscle and lung tissue by inducing fibroblast proliferation, promoting collagen synthesis, and increasing levels of matrix metalloproteinase.\[[@ref29]\] Fourth, vitamin D is associated with the metabolism of bone and muscle. The association of vitamin D deficiency and reduced lung function could depend on the calcemic effects of vitamin D. The vital capacity and total lung capacity were found to decline with an increasing number of thoracic vertebral fractures as a direct consequence of vitamin D deficiency.\[[@ref16]\] Nuti *et al*. observed 3030 ambulatory COPD patients and found a strong association between COPD severity and fractures.\[[@ref16]\] Kyphosis related to osteoporosis caused limitation in rib mobility and inspiratory muscle function and correlated with a reduction in FEV1 and FVC.\[[@ref5]\] The altered properties of the thoracic skeleton could result in failure of the respiratory muscles contributing to the pathophysiology of COPD. Vitamin D deficiency plays a role in the development of osteoporosis and skeletal muscle weakness, indicating the decline of lung function.\[[@ref30][@ref31]\]

Vitamin D deficiency is almost universal in Indian population perhaps because of inadequate sun exposure mostly, traditional clothing habits such as covering whole body parts, staying indoors, and inadequate dietary intake. Hence, an early morning sun exposure of approximately 20 min\[[@ref32][@ref33][@ref34]\] to exposed body parts such as face, neck, arms, and legs at least could help prevent vitamin D deficiency and thence can prevent the adverse consequences of vitamin D deficiency leading to a better health with decreased economical burden to all stakeholders.

Limitations of the study {#sec2-1}
------------------------

Firstly, the study design was a single-centered, cross-sectional hence causality link cannot be established, secondly, all co-morbidities were not taken into consideration, thirdly, limited sample size, fourthly, vitamin D was measured only once. The evidence just addressed the association between abnormal levels of vitamin D and COPD. However, it was still not clear whether abnormal level of vitamin D was a consequence of COPD or a contributor to COPD. Hence, further prospective, longitudinal, and well-designed cohort studies are needed. Second, potential confounders, such as sunlight exposure, seasonal variation, and diet intake, can affect vitamin D status and was not taken into consideration. However, insufficient information regarding these factors in included studies limited the adjustment of the results. Statistical heterogeneity was still assessed, even with stratified analyses based on latitude degree, assay method, and BMI (matched). Thus, the potential confounders may be the source of heterogeneity. Third, the limited number of eligible studies on the association between vitamin D and COPD severity as well as COPD exacerbations confined the analyses.

CONCLUSIONS {#sec1-5}
===========

Vitamin D deficiency is surprisingly at peak and hence should be routinely looked for in COPD patients to reduce ill-effects on lung function and overall health. Vitamin D deficiency worsens lung function more among COPD patients compared to healthy adults. A routine evaluation of vitamin D in COPD patients seems to be logical to prevent further decline of lung function. A large prospective, randomized control trial must be carried out to ascertain these findings as normal healthy individuals with decrease vitamin D also had a decrease in lung function which further worsens lung function in COPD patients.
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